have not been reported. We applied a percutaneous endoscopic discal cystectomy by transforaminal approach to the symptomatic lumbar discal cyst with radiculopathy and the results are reported with a review of the literature.
INTRODUCTION
Discal cysts were referred as intraspinal extraepidural cysts with a distinct connection to the corresponding intervertebral discs 8, 21, 38) . Discal cyst is rare and it could be a main cause of indistinguishable radiculopathy from lumbar disc herniation. Reported symptomatic discal cysts have been treated by simple excision of the lesion or direct intervention 5, 8, 16, 19, 20) . Lumbar discal cysts were first described in 2001 by Chiba et al. 8) and they reported 8 patients in Japan who underwent open surgical treatment. However, except for some case report, to our knowledge, the endoscopic surgical results for lumbar discal cysts to the endoscopic procedure, using indigo-carmine dye, evocative chromodiskography was performed at the involved level 24, 31) . A 1 cm-sized skin incision was placed 8-12 cm away from the midline according to the exact location of discal cyst. An operative sheath (YESS System; Wolf, Knittlingen, Germany) was installed in the disc space. In the endoscopic view, usually adhesion between discal cyst and disc material had been severe and vasculatures were well developed. For a successful surgery, it is very important procedure to remove the stalk of disc as well as the capsule of discal cyst. If the case required disc decompression, it was better to first perform decompression identical to the posterolateral procedure.
In most our cases, we have performed decompressive discectomy at first and then followed cystectomy in order to reduce the risk of direct nerve root injury.
After completion of the decompression, discal stalk connected with cyst was removed. Finally, the nerve root went free and it was confirmed in endoscopic view.
If cyst membrane could not be removed completely, a multiple fenestration of membrane was done by radiofrequency (RF) electrocautery. We made multiple fenestration of residual membrane in 2 cases. During removal of discal cyst and decompression of nerve root, we frequently had met bleeding due to adhesion of structures of peridiscal cyst. However, it could be controlled by bipolar coagulation and saline irrigation. Finally, we were able to expose the involved nerve root moving freely (Fig. 2) . neous endoscopic transforaminal discal cystectomy and additional partial discectomy. All patients met the following criteria : 1) unilateral radicular leg pain, 2) lumbar discal cyst without disc herniation or spinal stenosis 3) no history of previous lumbar surgery, 4) failure of appropriate conservative treatment, and 5) neither instability nor spondylolisthesis.
First of all lumbar discal cysts were detected in the magnetic resonance images (MRI) and confirmed by 3-dimensional (3D) reconstruction computed tomography (CT) images with discogram (Fig. 1) .
All patients who were selected for percutaneous endoscopic cystectomy were young male as 1 teenager, 6 cases of the 20s and one case of the 30s.
Postoperatively, all patients have been studied over at least 6 months and average follow-up period was 15 months.
Anesthesia
Epidural anesthesia was performed in all cases. Both 100 μg of fentanyl and 0.5% pucain was diluted by 1/2 and prepared as a 0.25% solution and approximately 15-20 cc injected into the epidural space or 15-20 cc of 0.5% Bupivacain stock solution was injected into the epidural space.
Surgical technique
The sequence of surgery was identical to the conventional percutaneous endoscopic transforaminal approach 1, 30, 34) . Prior typical disc herniation, manifesting as a unilateral radiculopathy. The mean operation time was 2 hours and the average length of stay in hospital was 3 days.
All MR images of patients have shown low signal intensity in T1-weighted image and high signal intensity in T2-weighted image, round to oval mass lesion on MRI, are compatible with a liquid-containing cyst.
The involved levels were L5-S1 in 1 patient, L3-L4 in 2, and L4-L5 in 5. Five patients experienced initial back pain later spreading to radiating leg pain and 3 patients noticed the both simultaneously ( Table 1 ). All of the patients suffered from unilateral lower extremity pain and positive tension sign. Although the straight leg raising test was positive in all patients, their low-back pain was mild. The average interval between the initial clinical examination and surgery was 3 months (range 1-6 months).
The preoperative MRI and 3D CT with discogram images in all cases showed cyst connected to the intervertebral disc.
Evaluation
All cysts connected to the corresponding intervertebral discs were confirmed by the MRI and 3D CT image with the discogram prior to surgery.
Approximately 1-4 hours after surgery, the remnant of discal cyst was assessed by the postoperative-MRI. Six month after surgery, symptomatic improvement was evaluated by the Visual Analogue Pain Score (VAS), including neurologic tests and MacNab' s criteria. in the inner part of discal cyst, there were soft nucleus pulposus and no vascularity. Also, there were enough space between outer tight cystic membrane and inner soft nucleus pulposus tissues. Histologically, hemosiderin laden macrophages meaning of evidence of hematoma were not detected. It means, at the first time, disc materials were herniated to epidural space and then slowly resolute with regress and shrinkage. At that time adhesive changes happened simultaneously between discal cyst and dura mater as well as nerve roots, also, fluid were collected in the space between the outer and inner membrane. Therefore, we support the theory of a subsequent change in a herniated disc as the pathological mechanism of discal cysts instead of vascular phenomenon. During removal outer tight membrane, the outer membrane usually connected with discal stalk and it took longer time to remove them completely. Sometimes this procedure was difficult and more risky to injure traversing nerve root because of massive bleeding from plentiful vasculature around cyst. In such cases, multiple fenestration to cystic membrane could be another option. However, once inner disc material exposed after removal outer layer, the procedure to remove cystic materials and nucleus pulposus has been easier.
RESULTS

Total
We have experienced 1 case of unsatisfactory result of percutaneous endoscopic cystectomy, right L5 traversing nerve root has been injured iatrogenically during removal of the tight outer memebrane of cyst. During control of massive bleeding around cyst, without securing endoscopic view clearly, unconsciously the traversing nerve root could be injured by RF coagulation. Also, we consider an excessive access of rigid endoscope to the cystic lesion could cause compressing a traversing nerve root in the narrowed epidural space.
The clinical symptoms and signs of patients with discal cysts are similar to those of patients with a typical disc herniation manifesting as a unilateral radiculopathy.
The MRI is very effective method to identify discal cysts accurately. Usually, discal cysts shows a low signal intensity on T1-weighted images and a high signal intensity on T2-weighted images. However, this signal can vary depending on the contents of fluid. The surrounding peripheral rim and the contents of the cyst are enhanced by Gd-DTPA on the contrast enhanced MR images. A connecting channel between the cyst and the corresponding disc is the key to differentiate discal cysts from lumbar disc herniation. In spite of its invasive nature, it was reported that the discography is necessary to confirm communication between the cyst and the corresponding disc 8) .
We have studied 3D-reconstruction CT with discogram, and it helped us to differentiate discal cysts from lumbar disc herniation or other intraspinal cysts exactly. Also, from 3D-reconstruction CT images with discogram, we could obtain the information about discal cyst, such as location, shape, volume, anatomic relationship as well as to determine the direction of the working cannula accessing the discal cyst.
The natural history of discal cysts is still unknown. There is Postoperative MRI and follow-up MRI after 6 months showed no evidence of recurrence of cyst. Also, there was no progression of disc degeneration or herniation. Histological examination of the cyst wall revealed fibrous connective tissue without evidence of epithelial lining cell or disc materials in all patients.
The mean preoperative VAS for leg pain was 8.25±0.5. At the last follow-up examination, after an average period of more than 6 months postoperatively, the mean VAS for leg pain was 2.25±2.21.
According to MacNab' s criteria, 4 patients (50%) had excellent results, 3 patients (37.5%) had good results; thus, satisfactory results were achieved in 7 patients (87.5%). One patient (12.5%) had fair result, and none (0%) had poor results (Table 1) .
In 2 cases, transient paresis of leg developed, but resolved during follow-up over a week period. In 3 cases, transient hypoesthesia developed, and among them, the transient hypoesthesia resolved during follow-up in 2 weeks, but one patient had a persistent leg pain and newly developed paresthesia after 6 months. The reason of unsatisfactory result is not clear, but we consider there is high possibility of iatrogenic nerve root injury on right L5.
DISCUSSION
The discal cyst is one of the intraspinal cyst 28,29,33) and intraspinal cyst can be differentiated into discal cyst as well as synovial cyst 4, 5, 35) , ganglion cyst 6, 25, 41) , Tarlov perineural cyst 36, 42) , extradural arachnoid cyst 14) , dermoid cyst 7, 13) and cystic schwannoma 2) . Discal cysts were referred as intraspinal extraepidural cysts with a distinct connection to the corresponding intervertebral discs 8, 12, 21, 38) . In general, most patients with discal cysts are in their third or fourth decade of life and are more likely to be male. In contrast, intraspinal cysts from the facet and the ligamentum flavum usually arise in elderly people with degenerative diseases and/or instability of the lumbar spine 3, 8, 15, 28, 29, 33) . The pathogenesis of discal cysts remains unknown. Chiba et al. 8) hypothesized that an epidural hematoma from an underlying intervertebral disc injuries initially formed from hemorrhage of the epidural venous plexus that occurs in the space between the peridural membrane and the vertebral body, and discal cysts form most likely as a consequence of impairment of hematoma resorption. Kono et al. 20) insisted that the pathogenesis of discal cysts is focal degeneration of the intervertebral disc with fluid production similar to that of meniscal cysts of the knee and synovial cysts of the facet joint. The extruded fluid from the herniated disc material provokes an inflammatory response leading to reactive pseudo-membrane formation and the development of a discal cyst.
Jeong and Bendo 17) have argued that the underlying pathological mechanism of discal cysts was not a vascular phenomenon but a subsequent change in a herniated disc.
In most our cases, in the endoscopic view, all the outer membrane of discal cyst were frequent hard and tight feature connected with annulus fibrosus and high vascularities. However, then, it will be resolved or regressed by itself, following same mechanism of discal cyst, it will cause new cyst. Our additional partial discectomy, though not perfect, could reduce the total volume of nucleus pulposus and RF coagulation make nucleus pulposus more stable. This procedure could help to prevent reherniation of nucleus pulposus.
Another reason of partial discectomy additionally is to prevent the postoperative discal pseudocyst occurrence. The theory of postoperative discal pseudocyst occurrence mechanism has been suggested in disc herniation and it is not clear applying to discal cyst.
Young et al. 45) reported when granulation tissue elicited by a herniated disc fragment surrounds a discrete fragment, it may form a pseudocapsule around the fragment, extending to the disc margin. If the disc fragment is removed but the pseudocapsule is not disrupted, fluid may accumulate through diffusion across the disrupted annulus, accentuated by increased disc pressure from repetitive loading.
Pathogenesis of postoperative pseudocapsule is likely associated with inflammation of the connective tissue at the procedure site, resulting in the pseudocyst. In particular, postoperative inflammatory reaction of posterior longitudinal ligament and annulus complex were supposed to be related with postoperative pseudocapsule formation 18, 32, 45) . The postoperative condition of cystectomy comparing to discectomy could be different from each other. However, discal cyst also has the granulation tissue surrounds outer layer of cystic membrane like disc fragment and it may cause pseudocapsule. If the pseudocapsule remained, the fluid may accumulate through diffusion across the disrupt annulus, accentuated by increased disc pressure from repetitive loading. Also, during endoscopic surgery, heat from RF cautery or laser coagulation can cause inflammation.
Endoscopic lumbar cystectomy is less traumatizing and minimal invasive procedure without resection of bone and ligament. Comparing to open traditional cystectomy, this procedure has many advantages such as shorter operative time, less scarring with preserving epidural fat and yellow ligaments, less post-discectomy syndrome and easier revision surgery 37, 39, 40) . Interlaminar approach is also another percutaneous endoscopic method to remove herniated disc materials as well as discal cyst. This approach is very useful in the cases with large interlaminar space like L5-S1 level. In our case of L5-S1 discal cyst, we could perform percutaneous transforaminal endoscopic cystectomy successfully, fortunately, because the iliac crest was not so high enough to access to L5-S1 disc level without blockage. However, as interlaminar approach is a better method in L5-S1 level, also interalminar approach is useful for L5-S1 endoscopic discal cystectomy.
CONCLUSION
A percutaneous endoscopic discal cystectomy is an effective only one case report on spontaneous regression of a discal cyst 11) . Therefore, still now, a therapeutic strategy for discal cysts remains to be established.
The symptomatic discal cysts have been treated surgically or direct intervention. Koga et al. 20) reported a good clinical results from percutaneous CT-guided puncture and steroid injection. In this minimally invasive procedure, it is essential that the accurate penetration on the cyst without nerve root injury 10) . The first surgical treatment of 8 cases of discal cyst by microscopic resection was reported by Chiba et al. 8) Recently, several authors reported experience of surgical excision of lumbar discal cysts 16, 22, 23, 26, 27) . Most surgical excision of the cysts for symptomatic discal cysts were reported as very effective for pain relief.
Recurrence rate of discal cyst after surgical excision is not exactly known. However, one case of recurrence after surgically removal of discal cyst was reported by Lee et al.
22)
Several authors reported the treatment of discal cyst without surgery. Demaerel et al. 11) reported a case of spontaneous imaging-documented cyst regression and symptomatic relief without surgery. Chou et al. 9) reported routine epidural injection and selective nerve root block could make discal cyst regress spontaneously in 2007.
Recently, various minimal invasive methods have been introduced to treat the intraspinal cystic lesion. Ishii et al. 16 ) reported 2 cases of endoscopic resection of intraspinal cyst.
In 2009, Kim et al. 19 ) reported a case of endoscopic transforaminal approach for the treatment of discal cyst and the traversing nerve root could be successfully decompressed and the unilateral radiculopathy subsided immediately after the procedure. Most previous studies were small series, whereas we have treated 8 cases of discal cyst by using endoscopic transforaminal approach.
In our cases, we have removed the discal cyst by percutaneous endoscopic transforaminal approach. Usually, adhesion between discal cyst and disc material has been severe and vasculatures were well developed in the endoscopic view.
When removal of discal cyst is performed by endoscopic surgery, the stalk between disc material and the capsule of disc should be confirmed and it is very important to remove the stalk of disc as well as the capsule of discal cyst.
During the endoscopic cystectomy, only removal of discal cystic membrane without injury of annulus could be enough to provide good surgical results. However, in our cases, we have performed additional partial discectomy to reduce recurrence of discal cyst or pseudocyst.
Theoretically, additional partial discectomy was performed to remove a degenerated nucleus pulposus and stabilize it not to be reherniated by RF electrocuatery concealing. The inner layer of membrane of nucleus pulposus has been already exposed by discal cystectomy. The possibility of reherniation of nucleus pulposus has not reduced significantly after cystectomy. If the nucleus pulposus will reherniated, it will cause adhesive change in the epidural space around annulus fibrosus and nerve root. After minimal invasive surgical treatment for symptomatic lumbar discal cyst. Our endoscopic operative findings showed that cystic membrane is originated from subsequent change in a herniated disc. MRI and CT with discogram is essential for the exact diagnosis and making the plan of the endoscopic approach.
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